Different plant species have different capacity of carbon sequestration but it is not assessed yet in Nepal. Therefore, this study was done to assess the species-wise carbon sequestration in two periods in forests. Three collaborative and three community forests were selected for the study. The selected forests were surveyed using GPS and mapped and stratified into tree, pole, and regeneration. Specifically 32, 33, and 31 samples were collected from Banke-Maraha, Tuteshwarnath, and Gadhanta-Bardibash collaborative forests, respectively, while 30, 25, and 22 samples were collected from Chureparwati, Buddha, and Chyandanda community forests correspondingly. The sample plots were of 25 m × 20 m for tree strata. The diameter and height of plants were measured and samples were collected for three consecutive years. The estimated carbon stock of Shorea robusta was the highest 35.93 t ha −1 in 2011 which was slightly decreased to 34.43 t ha −1 in 2012 and reached 32.02 t ha −1 in 2013 in Banke-Maraha collaborative forest but it was the least 7. 97, 8.92, and 10.29 t ha −1 in 2011, 2012, and 2013, respectively, in Chyandanda community forest. The highest carbon sequestration was recorded about 5.02 t ha −1 of Shorea robusta in Chyandanda community forest in between t 2013 and t 2012 .
Introduction
There is no land on Earth where plants do not exist [1] . There are about 1 million plant species in the world out of which 20% are threatened with extinction [2] . People know the importance of plant because of the daily interrelationship with it [3] . It is a well-known fact that plants release oxygen that people breathe in. People use them kindly and unkindly though they know without plant life is impossible [4] . People plant the plants, grow them, and develop them into forests to meet their daily needs. Wise use of plants is good but when they are cut, damaged, and destroyed cruelly without thinking of the future [5] , the consequences are extremely complex like global warming and climate change [6, 7] . About 18% of greenhouse gases (GHGs) are released from such activities [8] . Inversely, halting these activities can cut the same proportion of GHGs emission which would be beneficial, thereby bringing the REDD+ (reducing emission from deforestation and forest degradation) mechanism into existence [9, 10] .
Burden of deforestation and forest degradation is still very much challenging the living beings on Earth due to the increased production of greenhouse gases (GHGs) especially CO 2 [11, 12] . In fact, the annual deforestation contributes about 5.9 Gt CO 2 in the world [13] . Clearing of tropical forests could release an additional 87 to 130 Gt CO 2 by 2100 [14] if the rate of deforestation continuously increases at the same trend. Based on the base year 1994/95, Nepal's contribution of GHGs from all sources is about 9,747 Gg CO 2 out of which 8,117 Gg CO 2 is from the land-use change and forestry sectors [15] . Notably, the reverse actions like sustainable forest management, forest conservation, and forest enhancement as carbon positive dynamics could reduce CO 2 emission as a reward option under REDD+ mechanism [11, 16] .
Different plant species have different capacity to sequestrate carbon during photosynthesis. Generally slow growing species have slow sequestration rate than others. Species like Shorea robusta, Terminalia tomentosa, and Adina cordifolia are some examples of slow growing plant species as they sequestrate carbon slowly. Then the research questions arise whether there are any differences in species-wise carbon stock in tropical and subtropical areas of Nepal and at the same time whether there is a difference in annual carbon sequestration rate within the same community managed forests. This study tries to answer these questions.
Materials and Method

Site Description.
As this study deals with the tropical and subtropical plant species, Mahottari District of Terai region of Nepal that possesses tropical and subtropical plant species was selected as the study site. Three collaborative forests (CFMs), namely, Banke-Maraha (2,006 ha), Gadhanta-Bardibash (1,450 ha), and Tuteshwarnath (1,334 ha), and three community forests (CFs), namely, Chure Parwati (441.7 ha), Buddha (69.73 ha), and Chyandanda (41.35 ha) forests, were randomly selected ( Figure 1 ). The geographical location of the district is 26 ∘ 36 N to 28 ∘ 10 N latitude and 85
∘ 41 E to 85 ∘ 57 E longitude. The average temperature and rainfall recorded for the study were 20-250 ∘ C and 1,100-3,500 mm, respectively. Generally July to October is the main rainy season which is the most favorable for plant growth. Sal (Shorea robusta) is the dominant species with other associates like Saj (Terminalia tomentosa), Botdhairo (Lagerstroemia parviflora), Harro (Terminalia chebula), and Barro (Terminalia belerica).
Experimental Design and Sampling.
The research experiment and sampling methods are the most important part of a study. For this study, randomized block design (RBD) was set up and stratified random sampling was employed to collect data from forests [17] . Three main strata particularly tree (dbh > 30 cm), pole (dbh = 10-30 cm), and regeneration (dbh < 10 cm) were delineated. Survey was carried out with the help of GPS and map preparation and strata delineation were done using ArCGIS 10.2.
Data Collection.
Biophysical data were collected from the field. So, the next step was to determine the adequate number of sample plots statistically. Pilot sampling was carried out in order to determine the number of sample plots based on statistical variability. For this purpose 10 samples were collected as presample of each stratum of collaborative and community forests at the beginning of the field work. After that, the records of diameter at breast height and height were taken and biomass was calculated which were used to find the adequate number of sample plots for each stratum. A total of 176 samples were collected out of which 32, 33, and 31 samples were collected from Banke-Maraha, Tuteshwarnath, and Gadhanta-Bardibash CFMs, respectively, while 30, 25, and 22 samples were collected from Chureparwati, Buddha, and Chyandanda community forests. Permanent sample plots were established using GPS receiver [18] and samples were collected for three consecutive years. Sample plots were randomly distributed on the strata. The centrepoint coordinates of sample plot were uploaded in GPS to navigate for establishing the plots in the field. The nested plots having 20 m × 25 m for tree, 10 m × 10 m for pole, 5 m × 5 m for sapling, and 5 m × 2 m for seedling were laid on the field. Then dbh and height of plants were recorded for dbh > 5 cm, while samples were collected from the plants having dbh < 5 cm [19] .
Data Analysis.
The data analysis included the determination of carbon stock, current annual carbon increment (CACI), and CO 2 sequestration.
Determination of Carbon Stock and CACI.
Biomass calculation is the first estimation step to assess the carbon stock. Hence, the species-wise Above Ground Tree Dry Biomass (AGTB) was calculated using the biomass equation for samples with DBH > 5 cm [20] . At the same time lab work was done to determine the dry biomass of plants having DBH < 5 cm. Besides, root-shoot ratio of 0.125 was used to determine the root biomass [21] . Subsequently, carbon stock was calculated by multiplying with default value 0.47 [22] . 
Formula Used for Carbon
Statistical Analysis.
The annual average carbon sequestration per ha for two years in each of the collaborative and community forests was compared using -test (for 30 and more samples) and -test (for small samples) [23] using statistical software IBM SPSS, 20.
Results
Species-Wise Carbon Stock in Collaborative and
Community Forests. The carbon change varied in different species in the collaborative and community forests. The carbon stock was found to be the highest in Shorea robusta as compared to other plant species as it is the dominant plant species in the forest [24] . The estimated carbon stock in Shorea robusta in Banke-Maraha collaborative forest was 35.93 t ha and further declined to 32.02 93 t ha −1 in 2013. This shows carbon loss for this species, the reason of which could be the extraction of log from the forest. However, there were positive changes in carbon stock in other collaborative and community forests. The highest records of carbon changes were 1.37 t ha −1 and 0.95 t ha −1 in Chyandanda CF between first and second two consecutive periods, respectively, since the carbon stocks were 7.97, 8.92, and 10.29 t ha −1 in 2011, 2012, and 2013, respectively (Table 1) . This is the indication of presence of young staged plants which have high carbon sequestration capacity.
Species-Wise Carbon Sequestration in
In addition, the current annual carbon increment is a reliable responsible factor to determine carbon sequestration which was found to be the highest in this CF. On the other hand, there was a leakage of about 8.87 t ha −1 annually between the years 2012 and 2013 in Banke-Maraha CFM (Table 2 ) due to the removal and damage to big sized trees. Table 3 , Shorea robusta, Terminalia tomentosa, Lagerstroemia parviflora, Dalbergia latifolia, and Mallotus philippensis are the dominant plant species in these forests so the carbon sequestration per annum for these major species was compared in the forests. For this purpose, -test was used for 30 and more samples while paired samples -test was used for less than 30 samples. The result showed that there was a clear variation in annual carbon sequestration per year of these major species in the forests at 5% level of significance. The reliable reasons could be the application of different types of silvicultural operations and the existing developmental stage of the plants during the study period.
Comparison of Annual Variation in Carbon Sequestration of Major Plant Species. As shown in
Discussion
Carbon Stock in Different Plant Species and Their Dynamics. Shorea robusta, Terminalia tomentosa, Adina cordifolia,
and Lagerstroemia parviflora are the major species in Terai, Nepal, so these are dominant in these forests. Hence, the carbon stock was higher in these species. No prior study has been undertaken to determine the species-wise carbon change in Nepal. In this regard, the forest resource assessment report [25] and some other researches have some focus on carbon stock. This report [25] showed that the carbon stock of Shorea robusta was nearly 52.31 t ha −1 , which is close to the carbon stock of the same species in Gadhanta-Bardibash CFM. Moreover, the biomass table prepared by [26] showed that the biomass of a tree having 20 cm diameter has nearly 0.3 ton of carbon. Moreover, the study done in Terai showed that the carbon stock of 33 cm dbh of Shorea robusta was about 279.90 ton [27] . Another study done in Gujrat India showed that carbon stock of Terminalia tomentosa, Bombax ceiba, and Adina cordifolia was 5.14, 40.76, and 9.31 ton [28] .
Obviously the carbon sequestration of dominant species in the forest was higher. So carbon sequestration rate was recorded higher in Shorea robusta, Terminalia tomentosa, Adina cordifolia, Lagerstroemia parviflora, and Mallotus 
